(E) Dscam protein detected with a C-terminally directed antibody (red) is expressed on axons projecting into the antennal nerve (arrow). Note that little staining is seen in neuronal cell bodies (neuronal nuclei highlighted by staining in green with anti-Elav). (F) Dscam protein (red) is localized to neuropil of the AL as well as the SOG. Note staining is highly neuropil specific with little expression detected in the surrounding cortical region (anti-Elav, green). (G and H) Dscam protein is expressed on processes of both ORNs and target neurons. (G) ORNs are visualized by expression of UAS-mCD8-GFP driven by elav-Gal 4 (green). elav-Gal4 is active selectively in ORNs as expression in target neurons is prevented by coexpression of Gal80. Gal80 has been removed selectively from the antenna using eyeless-FLP (see text and Figure 2). Intense Dscam staining in the center of the neuropil is associated with processes of target cells (red). (H) Staining of the processes of projection neurons is visualized using the enhancer trap GH146-Gal4 to drive expression of UAS-mCD8-GFP (green). (I) Many different isoforms of
to specific glomeruli. Nevertheless, these data are consistent with many different forms of Dscam protein being and hence, it is unlikely that they play a role in targeting similar to that in the mouse olfactory system. Here we produced by ORNs as they project into the target region and that individual ORNs express multiple Dscam isoshow that Dscam plays a crucial role in the targeting of a subset of ORNs.
forms. 
Dscam Is Not Required in Antennal ORNs

33
) were analyzed. Protein was not detected in these alleles with cell bodies surrounding the antennal lobe; this region includes the cell bodies of both projection neurons and either N-or C-terminally directed antibodies. As the phenotypes observed in embryos carrying any one of these local interneurons ( Figure 1D ). Dscam protein was highly enriched in ORN axons in early to mid pupal developalleles rendered hemizygous in trans to a deficiency were not appreciably stronger than in homozygotes, we ment, with little immunoreactivity apparent on cell bodies, as assessed using an antibody directed to a domain define them as strong loss-of-function alleles. All three alleles gave rise to similar phenotypes in the embryo as shared by all Dscam isoforms ( Figure 1E ). Similarly, little Dscam immunoreactivity was observed on cell bodies well as in the mushroom bodies, the visual system (data not shown), and the olfactory system (see below). As of interneurons and projection neurons ( Figure 1F ). At 40% pupal development, Dscam protein was seen on Dscam
21
, in some contexts, exhibited stronger phenotypes, residual activity may be present in Dscam 23 and ORN axons in the peripheral nerve fiber layer surrounding the developing antennal lobe ( Figure 1G) . Dscam
33
. The projections of wild-type and mutant ORNs were Dscam was also detected on the centrally located dendritic processes of antennal lobe neurons (e.g., projecvisualized using expression UAS-nCD8-GFP under the control of a pan-neuronal driver, elav-Gal4 (Figures 2D-tion neurons [PN] in Figure 1H ). At later stages, Dscam immunoreactivity was seen uniformly distributed within 2G). Dscam mutant ORNs from the antenna projected through the antennal nerve into the antennal lobe in a developing glomeruli and was markedly downregulated in the antennal lobe of adult flies (data not shown). In manner largely indistinguishable from wild-type ( Figures  2D and 2E ). The fiber patterns of mutant ORNs along contrast to the vertebrate olfactory system, ORNs in flies are not generated throughout the life of the animal, the periphery of the antennal lobe appeared normal (data not shown). At higher magnification ( Figures 2F and 2G ), and hence, it would not be surprising that genes that regulate targeting in the fly olfactory system would be however, differences between wild-type and mutant were apparent in the pattern of termini in more central downregulated in the adult.
To assess the diversity of Dscam isoforms expressed regions of the antennal lobe. While wild-type axons elaborated processes that extend throughout glomeruli, in the developing ORNs, we isolated third antennal segments at 30% pupal development and analyzed the RNA Dscam mutant axons frequently formed discrete dense aggregates ( Figure 2G , arrows). The morphology of gloisoforms expressed using RT-PCR (Schmucker et al., 2000). Seventy-two different clones from six different meruli, as assessed with the neuropil marker nc82, appeared normal (data not shown). Hence, axon guidance antennae were sequenced, and sixty-eight of these comprised different combinations of alternative exons of antennal ORNs to the target, the antennal lobe, is indistinguishable from wild-type; Dscam mutations ap-4, 6, and 9 (encoding amino acids in Ig2, Ig3, and Ig7, respectively) ( Figure 1I 
Ipsilateral Antennal Lobe
We initially assessed the projections of Or47a ORNs to tions from them were allowed to degenerate over a period of 7 days. This treatment does not affect the projec-DM3, a glomerulus in the dorsal region of the antennal lobe ( Figures 3A-3E ). In wild-type, as Or47a axons exit tions from the remaining antenna to either the ipsilateral or contralateral lobes (Vosshall et al., 2000). As a result, the antennal nerve they spread out and project across the surface of the antennal lobe and, therefore, encounadult antennal lobes innervated by axons from a single antenna could be analyzed ( Figures 3D, 3E , 6D-6F, and ter numerous glomeruli prior to converging onto DM3 ( Figures 3A and 3B ). Strong Or47a mistargeting defects 6J-6L).
ORNs can be divided into three groups based on their were observed in all three Dscam alleles examined (Figures 3C, 3E, Figure 3H; Figures 4C and 4D ). In the remaining preparations, GH298 mutant axons do not turn ventrally appropriate glomerulus failed to elaborate the network of thin arbors characteristic of wild-type terminals (comand terminate more dorsally (Figure 3I) , typically, in more central and lateral regions of the lobe. In 20% of the pare Figure 5D to 5E and 5F). As the number of mutant fibers innervating the glomerulus increased, Or47a terpreparations, none of the Dscam mutant GH298 fibers innervated the correct target ( Figure 3J) . minals remained largely restricted to the region adjacent to the axon entry site (data not shown). Branches exIn summary, both Or47a and GH298 ORN subclasses ORNs is different, as in many cases branches are misstargeting to their correct ipsilateral glomerulus was unafing. In addition to being required for branching, Dscam fected, both classes of ORNs showed a marked reducis also required for correct targeting in the contralateral tion in branches to the contralateral antennal lobe (e.g., antennal lobe for both Or47a and Or47b ORNs. That Figures 6E and 6F) . Interestingly, Dscam mutant Or47a mistargeting is independent of branching defects is unaxons that innervated DM3 also frequently fail to extend a contralateral branch (see Figure 3E) . In some cases, derscored by the strong mistargeting defects in GH298 
